Objective: This study aims to determine the characteristics of sericin protein recovered from silk wastewaters. 
On the other hand, pure sericin that is suitable for cell culture studies costs as high as € 70 per g. In recent years, investigations on sericin recovery from silk effluents have increased in view of promising research findings related to its useful properties such as antioxidation, UV resistance, moisture absorption and biocompatibility (3) (4) .
The annual production of silk cocoons is reported as 600.000 tons, from which 150.000 tons of sericin can be recovered (5) . In Turkey, cocoon production has decreased dramatically since 1980s, however the current annual potential of sericin recovery is estimated as 13 tons approximately. These figures clearly show that sericin can provide significant economical benefits, if recovered from waste streams properly.
The recovery of a material from a waste stream requires that its properties are known and compatible with its original state so that it can be used safely.
In this regard, characterization of sericin is very important for effective end-use of this protein. The characteristics of sericin obtained directly from the cocoon are well known (5) (6) (7) (8) (9) (10) (11) (12) . However, the properties of sericin recovered from textile effluents need to be determined (13) (14) (15) . Recovered sericin can be used as a raw material in industries such as biotechnology and textile (16, 17) .
Sericin can be recovered with different techniques such as precipitation in alcohol, enzymatic hydrolysis, freeze-and tray-drying and membrane filtration (2, 13, 15, 18, 19 In literature, there seems to exist very few studies on the characterization of sericin recovered from wastewaters. To this end, this study aims to characterize the sericin protein recovered from silk wastewaters generated in cocoon cooking process of textile industry. The characterization study covers MW, pH, moisture and ash contents, solubility, elemental composition (C, H, N) and amino acid anaysis. Dialysis was also adopted to further purify the recovered protein. The properties of recovered sericin were compared with commercial and reference sericin used in our study and also with literature in order to evaluate its quality.
MATERIALS and METHODS

Extraction of sericin from native cocoons via hydrothermal processing:
Sericin was extracted from native cocoons that were obtained from the Sogut village of Bilecik city in Turkey. This sericin was called native sericin (SN) and it was used as reference for evaluating the quality of sericin recovered (SR) from cocoon cooking wastewaters. Another reference sericin, namely commercially obtained Brazilian sericin (SC) was also used for comparison. In order to obtain SN, the cocoon shells were cut into small pieces, followed by addition of ultra pure water at a cocoon to water ratio of 1:50 (w/w). Sericin was extracted was dried in a lyophilizator to obtain powder sericin (8, 13) .
Precipitation of sericin recovered from wastewater:
Ethanol is commonly used to precipitate sericin (6, 8, 13) . However, the volumes that would be required for a real wastewater treatment plant effluent are excessive. Sericin can also be precipitated with acids using much smaller volumes as it becomes insoluble at pH 3.8 (20) . In this regard, nitric acid, hydrochloric acid, acetic acid and sulfuric acid were tested as an alternative to ethanol in an attempt to reduce chemical consumption.
Sericin was separated from cocoon cooking wastewater via membrane processes, whose details are described elsewhere (2) . The pH of sericin concentrate obtained via nanofiltration (NF) was decreased from 6.1 to 3.8 by using acids (0.3% v/v). Alternatively, ethanol (75% v/v) was used to precipitate sericin. Samples into which precipitation agent was added, were centrifuged at 3.000 rpm for 10-20 min to obtain sericin as a pellet. The precipitated sericin was frozen and lyophilized.
Molecular weight distribution of sericin:
In order to determine molecular weight distribution of sericin, a Shimadzu Prominence 
Elemental composition of recovered sericin:
Elemental compositions of samples were determined in the Middle East Technical University Central Laboratory. The weight percents of carbon (C), hydrogen (H) and nitrogen (N) elements of sericin samples were determined on a dry basis using LECO CHNS-932 elemental analyzer. In this analysis, the instrument is heated to 1.000 ºC and approximately 1 g of sample is placed inside a silver capsule, which is dropped into the furnace, where it is completely combusted. Infrared detection is used to measure the C and H, whereas N is measured using thermal conductivity detection.
Protein solubility:
The solubility of recovered sericin samples at various pH values was determined (22) . Samples In this way, the pH at which maximum sericin solubility occurs was determined. Protein solubility was calculated using the following equation (23) (24) :
Total protein analysis:
Total protein analysis was carried out by using BCA protocol (25) . It is a spectrophotometric method 
Dialysis:
Recovered sericin samples were dialyzed against ultrapure water in order to increase their purities.
The molecular weight cut-off (MWCO) of dialysis sacks was 3.5 kDa (Serva). After sericin solutions were added into the dialysis sacks, the ends of sacks were closed and put into beakers filled with ultrapure water. These beakers were shaken in a water bath at 37 ºC for 1-2 days. Then, sericin solutions in the dialysis sacks were analyzed by a high performance liquid chromatography (HPLC) with the method described in Section 2.3, except that flow rate of mobile phase was adjusted to 1.0 mLmin-1.
RESULTS
Sericin yield of native cocoons and cocoon cooking wastewaters:
In order to evaluate the sericin potential of native cocoons, the amount of sericin that can be obtained from the native cocoon shells (cocoons free from dead silkworms) was determined first.
The effect of hydrothermal reaction time on sericin yield and the ethanol-precipitation efficiency were determined ( Table 1) 
Molecular weight distribution of sericin:
In this study, MW was determined as 138 kDa and 124 kDa for commercial sericin (SC) and reference sericin (SN), respectively (Figure 1a-b (Figure 2 ). On the other hand, only S2 (average MW 80 kDa, average fraction 100%) was detected in the recovered powder (Fig. 1d) . This sample was obtained by adopting a process train consisting of nanofiltration+precipitation (NF+P) (28) .
Since the source wastewater contained several silkworm proteins other than sericin, the final product also contained some impurities due to inadequate separation performance of the membrane technology adopted (28) . This impurity, which is shown in Figure   1d , was identified as Actin cytoplasmic A3 protein at a ratio of 7.1%, and sericin constituted the remaining 
Moisture, ash and organic contents of sericin:
The pH, moisture, ash and organic contents of reference and recovered sericin samples were determined. As seen from The moisture contents of SC and SN were found as; 7.4% and 8.6%, respectively. On the other hand, the moisture content of recovered sericin changed between 2.8% and 3.9% (Table 3 ).
The ash contents of SC and SN were determined as; 2.7% and 3.8%, respectively (Table 3) . On the other hand, the ash content of recovered sericin was 
Identification of recovered sericin:
The 2-D electrophoresis and MALDI-TOF spectrums of protein spots revealed that recovered protein was compatible with SER1 (O96614) and SER2 (O96615).
The pI of sericin was found as 5.9 for Sericin 1 and 4.8 for Isoform 1A of Sericin 1 (with accession number of P07856-2), where the latter lost during ethanol precipitation. The pictures of reference and recovered sericin samples are depicted in Figure 5 .
As seen, the color of sericin recovered with acid was brown whereas that of sericin recovered with ethanol was cream and the appearance was closer to that of reference sericin.
Elemental composition of sericin:
The elemental compositions of sericin samples are given in Figure 6 and comparison with literature is given in Table 4 . As seen from Figure 6 , carbon contents of commercial and reference sericin were 42.5% and 41%. On the other hand, carbon content of The UV absorbance spectrum of reference and recovered sericin samples were determined by wavelength scanning from 220 nm to 300 nm ( Figure   8 ). As shown, the maximal absorption wavelength was around 220 nm for all sericin samples, which is attributed to the absorbance by the peptide bonds.
On the other hand, only the reference sericin SN showed another distinct peak at λ=275 nm, which is assigned to the aromatic amino acids absorption wavelength (13) .
Amino acid composition of sericin:
Serine, aspartic acid and glycine content of commercial sericin and recovered sericin samples were determined as 56.22% and 48.86%, respectively (Table 5) . Serine is the dominant amino acid in sericin, which was determined as 35.3% and 28.9% for SC and SR, respectively.
Solubility of recovered sericin:
As seen from Figure 9 , solubility of sericin precipitated with acids was only 47-65% at pH 3, which increased to 59-88% at pH 7. The solubility of sericin increased for all the acids used when pH was increased from 3 to 11, where it reached 89-110% at pH 11. On the other hand, solubility of sericin precipitated with ethanol was above 90% at all pH values. The reason for the solubility values which are above 100% may be that alkaline conditions enhance protein solubility.
DISCUSSION
The overall extraction efficiency of sericin from the native cocoon, which was determined by dividing the weight of sericin after ethanol-precipitation + lyophilization by the dry weight of cocoon, slightly increased from 14.6% to 16.7% as the time was increased from 1 h to 2 h. The water extraction efficiencies of sericin well agree with 14.3% reported in literature (29) . Hence, it was decided to adopt a reaction time of 1 h throughout the study. In literature, sericin is reported as a family of proteins with a wide range of MW, i.e., 6-467 kDa (3, 11, 13, 30) . This is due to the fact that molecular weight of sericin is affected by the factors such as pH, temperature and processing time ( MW of sericin may be as low as 6 kDa or as high as 467 kDa based on the processing conditions (13, 30) . This was well verified in this study; the range of sericin MW in the source wastewater changed from 10 kDa to 200 kDa, however it had a narrower range, which changed from 40 kDa to 176 kDa in the recovered samples (Table 2 ). This means the smallest and largest polypeptides were lost during processing.
Nevertheless, S2 was the dominant fraction in both source wastewater and the recovered samples.
The reason for recovered sericin having moisture contents lower than those of native (SN) and commercial sericin (SC) was attributed to possible loss of some amino acids during processing, which The pH of SN, which was measured as 7.1 agrees well with the range of 5-7 reported in literature (13, 30) . On the other hand, the pH of SC, measured as 3.9 was lower than those reported in literature. Since SN was produced in our laboratory without any pH change, it is expected to have neutral pH. However, the recovery method of SC is unknown as it was a commercial product obtained from abroad through a local supplier. So, the lower pH of SC was attributed to the recovery method applied, which was probably conducted at acidic pH. The pH of recovered sericin, which varied from 4.1 to 7.7 was also similar to literature findings (13, 30) .
The moisture contents of SC and SN were slightly higher than ≤ 5% reported by the commercial supplier (30) , but quite close to 9% and 8.2% reported by Zhang (3) for cocoon and silk yarn, respectively. On the other hand, the moisture content of recovered sericin, which changed between 2.8% and 3.9% was lower than those of SC and SN, but very close to those reported by a commercial supplier (30) ( Table 3 ).
The ash contents of SC and SN were slightly Similarly, the silk sericin shows a peak absorbance at around 280 nm of wavelength (35) . The UV absorbance spectrum of reference and recovered sericin samples showed that the maximal absorption wavelength was around 220 nm for all sericin samples, which is attributed to the absorbance by the peptide bonds. On the other hand, only the reference sericin SN showed another distinct peak at λ=275 nm, which was assigned to the aromatic amino acids absorption wavelength (13) . This result showed that peptide bonds were the major absorbing group 
